In this paper, we analyze the recently introduced "Energy Efficient Building Code (EEBC) for Commercial Buildings in Sri Lanka" for its applicability to Sri Lankan office buildings. The focus is on the building envelope and air conditioning requirements of the EEBC and their effect on energy saving. In order to this, we develop a "typical" multi-story office building designed as per the EEBC and simulate its energy and thermal comfort performances using a parametric energy simulation software.
Introduction Sri Lankan architects pay little attention to the energy efficiency aspects of commercial buildings in the present context. Compounding the problem is the lack of detailed guidelines / standards applicable to the Sri Lankan conditions. The recent introduction of an "Energy Efficient Building Code (EEBC) for Commercial Buildings in Sri Lanka" (EEBC, 2000) by the Government of Sri
Lanka through the Ceylon Electricity Board (CEB), therefore augurs well for the "Demand Side Management" (DSM) efforts in the country.
The EEBC was introduced by the Government of Sri Lanka in September 2000 for a trial period of three years. During this period, the performance of the EEBC will be monitored and changes, if any, to improve the code may be suggested by energy users. Although compliance with the code is voluntary at present, it may be made compulsory at the end of the review period. At this point, the scope of EEBC may be enlarged to cover other types of buildings as well.
In this study, we simulate the air conditioning load and thermal comfort effects of the EEBC on a "typical" multi storey office building in Colombo to test the efficiency of the code. The "typical" building is specified in terms of wall, roof and window types; window: floor area ratio; floor-to-ceiling height; activity and occupancy level; usage of equipment, etc. Air conditioning (thermostat setting) and the building envelope standards (in terms of the Overall Thermal Transfer Value -OTTV) of the code are analyzed in detail. Based on our results, we suggest some improvements to the code.
Background
The main type of fuel used in Sri Lanka are bio-mass (including fuel wood, agro-waste), oil (petroleum, crude based) and electricity. However, sustained economic growth and a proliferation of rural electrification programs in recent years have led to a rapid increase in electricity demand in particular. Of this, the electric energy demand by the building sector is considerable.
During the recent past, the demand for electricity rose by 9.5% per annum. In 1999, the electricity demand during daytime was 864.5 MW while the nighttime demand was 1291 MW. Presently, electricity demand growth rate varies between 8 -10% per annum. It is forecasted that the Sri Lankan electricity demand will quadruple in the next 15years (CEB, 1996). In 1999, the installed capacity of hydroelectric power plants were 1143 MW and that of thermal plants were 545 MW. However, most of the economically viable hydro-electric potential has already been utilized. Moreover, periodic droughts and the changing climatic patterns (cf. Emmanuel, 1999) reduce the reliability of hydro-electric generation. This had led to severe brown outs in 1996 and 2001/2002. In this context, the last few years have seen the country gradually shifting towards thermal power generation. It is estimated that by 2014, 82% of the total electricity demand will be met by thermal power generation (Shrestha and Shrestha 1997). At the same time, the authorities are finding it very difficult to construct thermal power plants in the face of rising opposition from the citizenry on economic and ecological grounds.
Additionally, thermal electricity generation is a highly expensive process, one which the cash-strapped local utility authority (the Ceylon Electricity Board -CEB) can ill-afford: in 1996, the utility company spent about US$ 1,500 per kVA of thermal power generation (CEB 1996). Thus, economic and political factors make energy conservation an attractive option to the utility company. 
Energy consumption in the commercial sector

Energy Efficient Building Code for Commercial Buildings (EEBC).
The importance of the commercial building sector in building-level energy consumption and its potential for rapid growth led the CEB to lobby for the introduction of a design code that stipulates minimum efficiency standards. In this paper, we concentrate on the "Ventilation and Air Conditioning" and the "Building Envelope" aspects of the EEBC. The section below describes the standards stipulated by the EEBC in this regard.
Ventilation & Air Conditioning
Calculation Procedures: Cooling system design loads for the purpose of sizing systems and equipment are to be determined in accordance with the procedures described in the latest edition of the ASHRAE Handbook or other equivalent publications.
Indoor Design Conditions: The indoor conditions of an air-conditioned space to be designed for a dry bulb temperature of 24°C ± 1 °C and relative humidity of 55% ± 5%. The recommended dry bulb temperature is described as the "Set Point Temperature" in the discussions that follow. 
Method
In this paper we evaluate the cooling load and thermal comfort performance of a typical" office building located in the city of Colombo and designed according to the "Ventilation & Air Conditioning" and the "Building Envelope" requirements of the EEBC. We design the "typical" building according to the EEBC and compare fts performance with a building of comparable complexity but designed with a superior (OTTV = 45 W/m 2 ) and an
The hourly variations in internal loads are assumed to be distributed on the basis of the following time inferior (OTTV = 135 W/m 2 ) building envelope as well as a higher indoor set-point temperature (27°C). Based on the comparisons, a set of guidelines to improve the efficacy of the EEBC are suggested.
In order to define a "typical" office building in Colombo, we carried out a survey of contemporary multi-storey office buildings in the city, whose results are presented in Table 1 
Analysis Technique
The intention of the study is to find out the cooling loads for various conditions. Basically, the cooling temperature and the OTTV of the building are considered as the main variables. Three different models are created with 3 different OTTV values, maintaining the same height and internal conditions (except the set-point temperature) and by changing the other factors like window area, materials of building envelope, orientation, dimensions and window overhangs. The other variable is the internal set-point temperature setting, the three models have been put under temperatures of 24°C (which is stipulated in EEBC) and 27°C for cooling load calculations.
Results & Analysis
In this section, we present the results obtained from computer simulation runs in terms of cooling load and thermal comfort. Cooling load figures (in kWh) are shown for the period of 07:00 -20:00 hrs. per day. It is assumed that the air-conditioning system will not be run during the rest of the day. The thermal comfort conditions are plotted for the same time period and are indicated in terms of the Operative Temperature (°C). Table 3 indicates the daily cooling load for the cases studied. The case with an OTTV of 90 W/m 2 and a setpoint temperature of 24°C will fulfill the EEBC requirements (shown in bold, underlined). Figure 1 shows the thermal comfort comparisons of the three OTTV values considered. Figure 2 indicates the same but for the two set point temperatures.
As can be expected, a lower set-point temperature leads to higher cooling loads and therefore higher energy consumption for space conditioning. It is also clear from the above that lower OTTV lead to lower cooling load. A 
Recommendations to improve the EEBC
Building Envelope Requirements
The fact that building envelope conditions could be made more thermally conducive in the Sri Lankan context without compromising thermal comfort suggests that the EEBC specifications in terms of OTTV need to be reviewed.
The analysis presented above suggest that reducing the OTTV value to 45 W/m 2 will lead to a minimum of 11% reduction in cooling load. But the question is, can such reductions be possible in the Sri Lankan context? Our preliminary analysis leads us to answer the question in the affirmative.
The primary determinants of OTTV are, wall type, window type, window area, window orientation and window overhangs. Among these, window area and orientation exert a disproportionate influence on OTTV than the others. By reducing the window area, locating windows predominantly in the north/south walls only, and shading the windows, the OTTV can be significantly reduced. Additionally, better window type (i.e. insulating glass or double glazing) and higher thermal mass in walls could play a role, albeit a small one, in reducing the OTTV. Taking the "typical" building described in Table  1 as an example, Table 4 The effect of window shading is particularly striking, even when the windows are located on the east/west walls. Even a higher than normal window area, if properly shaded could easily achieve lower OTTV values without resorting to expensive thermal insulation and/or walls with higher thermal mass. In fact, the manipulation of window parameters is by far the easiest means of achieving thermally significant OTTV reductions in the Sri Lankan context.
In light of the above, it appears that the building envelope requirements of the EEBC is less stringent than what is easily achievable in Sri Lanka. Furthermore, the EEBC is considerably lax than the energy codes
